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Languages in our sample
The following is the list of languages in our sample. More information can be found in our Lexibank repository, from which this data was taken. Along with the subgroups as provided by Glottolog (Hammarström et al. 2017) , we also list where the sources can be found in the STEDT database (Matisoff 2015) (if we used the digitized versions provided by STEDT for our study). 
ID

Criteria for language choice
Well-sampled language data with few missing items -a.k.a. high coverage -plays an important role in our study. First, low-coverage languages may have unwanted effects on phylogenetic reconstruction by increasing topological and timing uncertainty (Wiens 2006, Wiens and Morrill 2011) . Second, low-coverage languages deprive us from the chance of confirming cognate judgments by identifying regular sound correspondences. Therefore, our selection of languages could not take into account all the languages for which data are available, be it in the form of a glossary or of a dictionary. In fact, we tested many more languages for potential inclusion in our database, but then had to discard them, because the mutual coverage turned out to be far too low. Examples include Dolakha Newar by Genetti (2007) , for which we identified less than 80% of our larger list of 250 items, Kathmandu Newar by Kölver and Shresthacarya (1994) , where for less than 60% of our items a translation could be identified, Tangkhul by Bhat (1969) , with less than 80% of coverage, Dumi by Driem (1993) with less than 60% of coverage, and many more languages we checked. The coverage problems we encountered also explain why our selection of Sinitic languages does not contain all of the traditionally mentioned major groups. As we could not (yet) acquire first-hand data on these varieties, and sources, such as Liú et al. (2007) or Běijīng Dàxué (CIHUI) would not provide sufficient coverage for our basic vocabulary sample, we decided to exclude these varieties from the current analysis, rather than adding them at the cost of producing a low-coverage dataset.
In making our final section of 50 languages, we gave preference to those languages where we have firsthand knowledge or contact to experts whom we could ask for advice when facing problems. We also decided to include slightly larger subgroups for Burmish, Sinitic, and Kiranti, in order to allow for an independent verification of our findings. Since the subgrouping of these groups is rather well-known, a comparison of the inferred topologies and divergence dates with our general analysis can help to avoid major model misspecifications. Given the problem of partial cognates, which is specifically prevalent in Sinitic and Burmish, we also decided to include closely related language varieties, such as Achang and Xiandao for Burmish, or Chaozhou and Jieyang for Sinitic (both Southern Min dialects), since these would allow us to see to which degree closely related languages can already differ with respect to partial cognates.
Dealing with ancient languages
Given the complexity of identifying cognates in the ST language family, and specifically the problem of working with ancient languages, we took great care of verifying entries in all datasets with additional sources. In the case of Tibetan, for example, the attestations of the words were rechecked by G. Jacques in the Old Tibetan Documents Online database (Takeuchi 2013) , for Burmese we used Nathan W. Hill's data that was (as indicated in the article by Hill and List 2017) using three different main sources to verify the old forms for Old Burmese (Luce 1985 , Nishi 1999 , Okell 1971 , for Tangut G. Jacques and Y.-F. Lai carefully compiled the list using in particular a searchable text database compiled by G. Jacques (partially available as the supplementary materials for (Jacques 2016)).
Our ancient languages for calibration were chosen with great care, giving preference specifically to those varieties where our group has first-hand expertise, or close collaboration with experts whom we trust would allow us direct access to the data. As a result of our high demands regarding quality and being able to work directly with first-hand experts in the fields, our current selection of languages is not complete, although we think that it is sufficient in that it contains the most prominent archaic languages of the ST family. Although philological evidence is rich for languages like Newar, for example, it is much less easy to verify that we could obtain a high-coverage wordlist with good translations of the concepts in our data. Even modern sources of Newar often omit many concepts in their glossaries (see Section 3.4), thus failing to pass our coverage tests. We hope that future work will allow us to successively add more languages to the sample, and we are currently trying to establish connections with more experts who could help in this endeavour in the future.
Concepts in our sample
All concepts in our sample were linked to the Concepticon (List et al. 2016a) , to allow for an easy comparison across other resources. Below, we list the original list of 250 concepts, indicating with help of an asterisk in the ID column, which concepts were not retained for the phylogenetic study, because their coverage in terms of languages was too low, or for additional reasons mentioned in the main text. We also list the coverage across all 50 languages in our sample, since we used general coverage across the data as a criterion to successively reduce the concept list. In addition, we list the corresponding identifiers used for the concepts in the Tibeto-Burman lexicon (Huáng 1992) , a very large resource on Sino-Tibetan languages, which was digitized during the STEDT project (Matisoff 2015) . As can be easily seen from the table: the coverage drastically differs between the concepts we retained and the concepts we discarded. The lowest coverage we observe for the concepts we retained is 88% of all 50 languages ("early", "eight", "nine"), with an average coverage of 97%. In contrast, among the 70 concepts we discarded, the average language coverage is 46%. In the table below, we provide a detailed comparison regarding the number of concepts shared in our list of 180 concepts and other popular concept lists, including the list by Matisoff (1978) for Tibeto-Burman languages, the list by Blust for Austronesian languages (Greenhill et al. 2008) , the classical lists by Morris Swadesh (Swadesh 1952 , Swadesh 1955 , the Leipzig-Jakarta list (Tadmor 2009 ), the alternative 100-item list by Sergey Yakhontov (Starostin 1991) , the list of stable concepts proposed by the ASJP project (Holman et al. 2008) , and the list of stable Tibet-Burman concepts proposed by Satterthwaite-Phillips (2011). As these lists (as well as our 180 item list) are all linked by the Concepticon project (List et al. 2016a ), a direct comparison of the number of shared concepts is easy to achieve, and the supplementary source code and data show how this can be done. Comparing the proportion of concepts shared with our selection of 180 concepts.
ID
Concept list Shared Proportion Concepts
As can be seen from the results in the table below, our concept list reflects largely those basic vocabulary items that were also employed in different analyses before. Of our 180 concepts, 32 (i.e., 18%) do not directly recur in any of the lists provided in the table. However, given that the Concepticon concept linking is very fine-grained, based on very detailed concept definitions, there are at least 5 concepts that can be found in the lists but show slightly different definitions there. All "unique" concepts are listed in the table below, along with their Concepticon definitions and their Concepticon gloss. The items which recur in the popular concept lists are further marked with an asterisk.
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Concepts with no direct counterparts in the popular concept lists.
Cognate coding
A full reconstruction of all the branches in the sample, and of the ancestor of the family as a whole could have helped refining many of the cognate judgments in our data. However, Sino-Tibetan comparative phonology and morphology present specific difficulties that make more challenging in many aspects than Indo-European or Austronesian. It is still unclear whether we will ever be able to build a reconstruction system of comparable rigor for Sino-Tibetan, due to the combined effect of intense language contact and typological upheaval in this family. Moreover, even if we knew the sound laws and the historical morphology as well as in IE, this would not be enough to completely rule out the existence of undetectable loanwords (see for instance some undecided cases in Armenian, (Hübschmann 1897: 16f) , (Jacques and List forthcoming)). The cognate judgments used in this study, while 'subjective" in some cases in the sense that we cannot account for all sound correspondences for all languages in the sample, are however firmly grounded in the accumulated research on each of the languages in the sample.
The concrete cognate coding was carried out with help of the EDICTOR tool, offering straightforward and convenient ways to annotate cognates. To allow for collaborative editing, a server interface for EDICTOR was setup, which can be easily accessed from https://dighl.github.io/sinotibetan/. For scholars interested in inspecting our cognate judgments in detail, we recommend inspecting our data via this website.
Compoundhood is a well-known obstacle for cognate coding (Ben Hamed and Wang 2006, Satterthwaite-Phillips 2011, Starostin 2013), since compounding is a very frequently recurring process in the Sino-Tibetan language family (Matisoff 2003b ). The problem for phylogenetic analyses is that compoundhood creates patterns of partial cognacy (List 2016 , List et al. 2016b , which are still only poorly handled in computational historical linguistics (List et al. 2016c) . While EDICTOR allows to annotate partial cognate relations consistently (Hill and List 2017) , current phylogenetic software packages cannot handle the complexity of partial homologies (List 2016) . For this reason, we had to take great care in coding the cognate sets very consistently, making sure to avoid arbitrary decisions. Our strategy to deal with the problem were threefold, involving the avoiding of concepts with high compoundhood, a consistent way to generate root cognate decisions from partial cognates, and to support difficult cases by constructing multiple phonetic alignments from cognate sets.
Avoiding concepts of high compoundhood
Based on data inspection, we identified a larger number of concepts which are usually lexified by compounds in the Sino-Tibetan languages. Examples for obvious cases include 'armpit' (Concepticon 1886), 'noon' (Conc. 12), or 'firewood' (Conc. 10). By giving preference in our basic list of 180 concepts to concepts that are less frequently expressed by compound words in the ST languages, we could avoid a couple of notoriously difficult cases.
From partial cognates to root cognates
Subgroups of Sino-Tibetan which show a high degree of compounding, such as the Burmish languages, or the Chinese dialects (Sinitic) need a more specific treatment when carrying out cognate judgments for root cognates. Based on the morpheme-gloss annotation provided in Hill and List (2017) , from whom we took the Burmish languages in our sample, we developed a way to allow for an unambiguous annotation of scholar's decisions regarding the main component of a compound word. This annotation adds an underscore (_) to all morpheme glosses of a words which are not considered to be central for the base meaning of a word. In EDICTOR, these cases are displayed by making the respective morphemes slightly transparent, and annotation is facilitated by allowing to toggle the central morphemes with a right mouse-click. Root cognates can be derived from this annotation by ignoring those partial cognate sets which are marked as not contributing to the main meaning. The following screenshot illustrates this annotation within the EDICTOR for the concept 'seed' (Conc. 714) and four Burmish languages.
. Screenshot of the EDICTOR tool showing annotated lexemes for the concept 'seed'.
Supporting cognate judgments with alignment analyses
To make sure that we avoid intransitive cognate sets, in which one word A is partially cognate with a word B and the word B is partially cognate with a word C without being partially cognate with the word A, we used the alignment functionalities of the EDICTOR tool when preparing the data (for a general discussion of alignments and their importance for historical linguistics, see List et al. 2018b and List 2014) . While we are often not (yet) in a stage where we can provide complete alignments of word forms, given that our field lacks the deeper understanding of many sound change processes involving the Sino-Tibetan language family, alignments for complex cognate sets containing words with many compounds make it much easier to make sure that no intransitive cognate sets have been annotated by the experts, since they allow to check quickly whether at least one morpheme is reflected in all words that are assigned to a cognate set. This is illustrated in the following screenshot for the full cognate set of 'seed', when inspected with help of the alignment editor provided by the EDICTOR tool.
. A screenshot of the EDICTOR tool showing the fullly aligned cognate set for 'seed'.
While we cannot provide alignments for all cognate sets in our data at this stage, we made active use of the alignment function of the EDICTOR to verify that our cognate sets were transitive. In the future, we hope to edit the data further, to make sure that all cognate sets are also aligned.
Coverage and cognate statistics
One possible concern is that our data is insufficient for large-scale computational phylogenetic analysis, and researchers should wait until Sino-Tibetan is better understood. However, comparing the coverage and cognate statistics for common phylogenetic analyses of different language families allows us to locate the state of Sino-Tibetan reconstruction in comparison with other well-established language families.
We compare our data with cognate data for four different language families for which phylogenetic studies have been conducted: Austro-Asiatic (AA, Sidwell 2015), Austronesian (AN, Greenhill et al. 2008 ), Indo-European (IE, IELex), and Pama-Nyungan (PN, Bowern and Atkinson 2012) . For our comparison, we use the data as provided by Rama et al. (2018) . 
Dataset
Coverage and cognate statistics comparison
The table above compares our dataset with these other datasets for a number of different statistics. These include the number of concepts, languages, and words in each datasets, the number of different cognate sets (cognates), the average mutual coverage (coverage), as defined by List et al. (2018a) and Rama et al. (2018) , and the number of frequent cognates recurring in at least 10% of all languages in the sample.
This comparison shows that the Sino-Tibetan language data does not differ substantially in terms of coverage, number of cognates, and frequent words, from the data reported in these other datasets. Instructions on how the statistics can be calculated are provided in our supplementary data and code (see file README.md in folder LexicalData). 
Phylogenetic analyses 4.1 Clades discussed in the paper
Subgrouping results
The results obtained using the strict-clock covarion model and a Stochastic Dollo model are mostly compatible with those of the relaxed-clock covarion model discussed in the paper. Figures 1 and 2 give consensus trees for these two supplementary analyses.
The table below gives the posterior probability of each subgroups discussed in the paper. In particular, the following subgroups are overwhelmingly supported in all analyses (all posterior probabilities are > 0.95: Sal, Tibetan, Lolo-Burmese, Gyalrongic, Burmo-Gyalrongic, Kiranti, West-Himalayish, Tani-Yidu. We also have strong support for Kuki-Tangkhul and Kuki-Tangkul-Karbi subgroups in all analyses. There is also support for a hypothesized Tibeto-Dulong clade (and overwhelming support under the strict-clock model); note that in such a clade, the relaxed-clock and strict-clock models favour grouping the Burmo-Gyalrongic languages with the Tibetan languages, whereas the Stochastic Dollo model gives more uncertain output, with a 41% posterior probability that the Burmo-Gyalrongic languages group with Dulong first.
Note that the following subgroups, which have been proposed in the literature, have 0% posterior probability in all three analyses:
• Tibetan + Kiranti + Sinitic (Sino-Bodic hypothesis, Driem 1997),
• Sal+Kuki-Tangkhul (Central Trans-Himalayan hypothesis, DeLancey 2015),
• Gyalrongic+Kiranti+Dulong (Rungic hypothesis, Thurgood 2017), On the Chinese side, although our tree shows close mutual genetic relations among Cantonese (Guangzhou), Hakka (Xingning, Longgang) and Min (Chaozhou, Jieyang), the probability for them to form a "Southern Chinese" clade, as Norman 1988 suggests, is rather low (0.42). Support for this alleged clade consists exclusively of words independently retained from Old Chinese, to the exclusion of shared innovations (Sagart 2011a) .
As for Burmish languages, our result does not support Nishi 1999's classification, in which Burmese, Achang and Xiandao form the "Burmic" branch, and the other languages the Maruic branch. Our tree shows that Burmese languages alone are the first branch, as opposed to the rest of the Burmish languages.
Outgroups
In our main relaxed-clock analysis, the following clades are possible outgroups, with associated posterior probabilities of being the outgroup:
• Sinitic 33%
• West Himalayish 15%
• Tani-Yadu 9%
• Sinitic+Sal group 8%
• Sal 6% Compared with the probabilities in our two alternative models: in the strict-clock model, the Sinitic group is the outgroup with 99% posterior probability. In the main TraitLab analysis, the possible outgroups are: • West Himalayish 20%
• Sinitic+Sal group 16%
• West Himalayish + Sal 13%
The 54% probability for the Sinitic+Sal group in Fig. 2 of the main text indicates that Sinitic and Sal form a subgroup in 54% of the trees in the relaxed-clock analysis. This subgroup is the outgroup in only 8% of the cases. The subset of trees where Sinitic+Sal are a subgroup is mutually exclusive with that including trees with Sinitic as the outgroup. Therefore, 87% of the trees in the relaxed-clock analysis have either Chinese as the outgroup, or Chinese in a subgroup with Sal.
A possible way of interpreting these results in a way that is compatible with the Sinitic outgroup scenario is that the lexical commonalities supporting the Sinitic+Sal group in the relaxed-clock analysis are in fact common retentions exclusively shared by these two branches.
Root age
The root age estimated assuming a strict clock is at 9200 BP, with 95% HPD [8000 10600]. The root age estimated assuming a Stochastic Dollo model is at 7915 BP, with 95% HPD [7270 8650].
Age of Old Burmese
At the suggestion of an anonymous reviewer, we repeated the analysis under all 3 models with a different constraint for Old Burmese, allowing the age to be vary in the range 800 -900 BP. This had no impact on the results: we observed no significant difference in the reconstructed topologies, and the reconstructed root ages are essentially unchanged. For example, under the Stochastic Dollo model, this analysis gives a root age of 7869 BP, with 95% HPD [7172 8509].
Analysis of a subset of the languages
Some subfamilies are represented by more languages than others, and the amount of missing data varies. To ensure that this does not bias our results, we repeated the analysis by including one representative of each subfamily (chosen to be the language with the least missing data in the subfamily), and all the ancient languages. We therefore used only the following 19 languages in this analysis: Rangoon (Burmish), Wobzi Khroskyabs (rGyalrong), Batang Tibetan (Tibetan), Dulong (Nungic), Bunan (Tibeto-Kinauri), Khaling (Kiranti), Bokar (Tani), Motuo Menba (Bodic), Chepang (Chepang), Karbi (Mikir), Guangzhou Chinese (Sinitic), Jingpho (Jingpho), Tangut (Tangut), Old Tibetan (Tibetan), Old Chinese (Sinitic), Old Burmese (Burmish), Lisu (Loloish), Hakha (Chin), and Rabha (Koch).
The results are substantially similar to those on the complete dataset. The posterior variances are higher, which is to be expected since we are using a smaller amount of data: we thus have larger HPDs in our age estimates, and more uncertainty in the inferred topologies.
The tree inferred from this analysis (relaxed clock model in BEAST2) is shown below. This table summarizes the posterior probabilities of the subgroups of interest in the analyses of a subset of languages. The values in italics are those which differ by more than 0.10 from the main analyses.
Clade
Relaxed 
Densitrees
As an alternative representation of the reconstructed phylogenies and their uncertainty, we present Densitrees (Bouckaert 2010) for the three analyses in the following figures.
. Densitree for the main analysis (relaxed-clock).
. Densitree for the strict-clock analysis.
. Densitree for the Stochastic Dollo analysis.
Etymologies supporting several proposed subgroups 4.9.1 Tibeto-Dulong
The "Tibeto-Dulong" subgroup proposed in this paper is supported by a number of etyma shared by Dulong on the one hand, and at least language among Tibetan, Gyalrongic or Lolo-Burmese languages on the other hand. Among these etyma, some reflect roots attested elsewhere in the family, but not in the sample under investigation, such as the etyma "flower" (reflected by Dulong ɕiŋ⁵⁵wɑt⁵⁵ and Lisu si³⁵ve̱ ³³ ), or "dry" (Dulong kam⁵⁵ and Tibetan skam.po "dry").
Potential cases of common innovations, exclusively shared by Dulong and Tibeto-Gyalrongic, include the following words:
1. Dulong nɯi⁵⁵ "mouth" -Burmese nhut. This root is possibly shared with Karen languages (not included in our sample), as suggested by the STEDT (#471).
2. Dulong tɯ³¹ wɑn⁵³ -Japhug tɤjpa (Japhug regularly loses final *-n and *-l, and Dulong -n can originate from either *-n or *-l). The STEDT (#471) contains comparisons with Tibetan, Chepang and Kaman words meaning "hail" and reconstruct a final *-l. The Tibetan forms wal (Amdo) and kha⁵⁵ wa⁵³ (Derge) included do not have final *-l: the former regularly come from Old Tibetan bad "frost" (with the sound changes -d > -l and b-> w-), and kha.ba "snow" respectively (note that -ba is a suffix). Tibetan bad "frost" is related to ba.mo "frost", and the coda -d is a nominal suffix. It is possible that Dulong tɯ³¹ wɑn⁵³ "snow" and its cognates are related to the root of bad/ba.mo "frost", but with a different suffix. Schuessler 2007: 235 cites a comparison with Chinese 雰 pʰjun "mist", but in addition to the fact that Schuessler's gloss is probably wrong, as 雰 always appear reduplicated and is better analyzed as an ideophone meaning "fluttering", this word rather had final *-r in Old Chinese. Kaman wɑl³⁵ "hail" and Chepang wer "hail" have final consonants that rather originate from *-r (for instance Kaman sɑl⁵³ "louse", cognate of Khaling sēr "louse", a language that preserves the contrast between the codas *-n, *-r and *-l), and since Dulong preserves *-r as -ɹ (see ɑŋ⁵⁵ ɕɑɹ⁵⁵ "new", cognate of Tibetan gsar.ba "new"), tɯ³¹ wɑn⁵³ cannot phonologically correspond to either Kaman or Chepang (in addition to the meaning difference). Thus, the etymon "snow" is only found in Dulong and Gyalrongic, with a possible cognate in Tibetan; there are no cognates outside of the Tibeto-Dulong group.
3. Dulong ɕin⁵⁵ "grass" -Japhug xɕaj "grass", Tangut śjɨ "grass" (*-n is lost in Japhug and Tangut,
Other possible Tibeto-Dulong exclusive cognates outside of our database include Dulong dɯ³¹ gɹu⁵³ "sinew", Japhug tɯ-ŋgru "sinew", Tibetan rgyus.pa "sinew" (partially in STEDT #536, Jacques and Michaud 2011).
Tibeto-Gyalrongic
Potential innovations exclusively shared by Tibetan and Burmo-Gyalrongic (excluding borrowings) are the following:
1. Tibetan sŋo "blue, green" -Japhug arŋi, Burmese ññuiv (Jacques 2014: 163) 2. Tibetan riŋ.po "long" -Japhug zri (ibid.: 101) 3. Tibetan ske "neck" -Japhug tɯ-mke (Jacques 2004: 125) 4. Tibetan gson.po "alive" -Japhug sɯsu "alive" 5. Tibetan rlon.po "wet" -Wobzi lú "wet", Daofu ɬəɬə (ibid.: 148) Additional exclusive Tibeto-Gyalrongic vocabulary not in the database include:
1. Tibetan snas "heddle", Japhug ɕnat "heddle", Burmese hnat. This highly technical weaving term is not borrowed from Tibetan into Japhug, as the cluster ɕn-is exclusively found in native words.
2. Tibetan myong "experience", Japhug rɲo "experience", (ibid.: 299)
3. Tibetan phrin "message", Japhug tɯpri "message". The prefix tɯ-in Japhug is a frozen indefinite possessor prefix. 4. Tibetan gnyen "relative, friend" (nominalized form of nye "near"), Japhug tɯ-ɣɲi "friend". This example is particularly significant, as reflects a morphologically complex etymon with similar structure and semantic specialization in both Tibetan and Japhug (*-n is lost in Japhug).
Burmo-Gyalrongic
The hypothesis of a genetic relationship between Lolo-Burmese and Gyalrongic languages has been previously discussed by several scholars, including Bradley (1997) , Jacques and Michaud (2011), and Lǐ (1998) . The Burmo-Gyalrongic hypothesis is strongly supported by our analysis. Potential Burmo-Gyalrongic innovations in our database are the following:
1. Japhug ɕɤɣ "new" -Old Burmese sac 'new' (Jacques (2004: 190) ). This etymon has cognates elsewhere in Sino-Tibetan, but in other branches the coda is nasal (for instance Chinese 新 sin < *siŋ) 2. Japhug ɣɯrni "red" -Old Burmese nī 'red' (Jacques (ibid.: 172)) 3. Japhug zdɯm "cloud" -Old Burmese tim "cloud" (Jacques (ibid.: 185)) 4. Japhug ɯ-ʁɤri "the front side" -Old Burmese rheʔ 'the front side' (Jacques (ibid.: 104)).
5. Japhug tɯ-rtsʰɤz "lung" -Old Burmese ʔachut 'lung' (Jacques (ibid.: 150) ).
6. Japhug tɯ-mɯ "rain, sky, weather" -Rangoon mo⁵⁵ 'rain, sky'(Jacques (ibid.: 154)) 7. Daofu sme "woman" -Old Burmese minḥ-ma 'woman' 8. Daofu kvo, Wobzi Khroskyabs djú "year" -Lisu kho̱ ³¹ "year" (Jacques (2014: 101) ).
9. Japhug nɯqambɯmbjom, Wobzi Khroskyabs jmbjə̂m "to fly" -Old Burmese pjaṃ 'to fly'. This root is related to Tibetan'byam "spread" and Chinese 泛 phjomH "float", with unidirectional semantic change "float" → "fly". The Japhug verb form has reduplication and additional prefixes, but related language have the simple verb root.
Jacques (ibid.: 305-306) lists a additional few phonetic and lexical innovations, notably the verb 'to be', ŋu in Japhug, ŋǽ in Wobzi Khroskyabs, corresponding to Proto-Burmese *ŋwa¹ 'to be the case' (Bradley 1979 0698a) . Jacques (2014: 305-306) suggests that the copular use of this verb is derived from an earlier meaning, namely 'to be true'.
Homeland and domesticates
There are two main traditions concerning the location of the ST homeland and the direction of ST expansions. One of them supposes a homeland west or southwest of the north China plain (Benedict 1975 , Blench and Post 2014 , Driem 2017 , Haudricourt and Strecker 1991 , Matisoff 1991 , Starostin 2004 ). Authors within this tradition think early Sinitic speakers reached north China from the ST homeland in the west, superimposing themselves over indigenous population(s) who were the original domesticators of the main East Asian cereals: the pre-Hmong-Mien for rice (Driem 2017, Haudricourt and Strecker 1991) , the pre-Altaics for millet (Starostin 2004) . Accordingly Driem (2017) and Haudricourt and Strecker (1991) see the Chinese agricultural vocabulary as borrowed from Hmong-Mien, while Starostin (2004) envisions an Altaic contribution to the Chinese agricultural vocabulary. Some of the authors working within this paradigm envision a particularly close phylogenetic relationship between Sinitic and Tibetan (Blench and Post 2014, Driem 1997) .
The present paper aligns with another tradition, which places the ST homeland in the eastern part of the ST domain (Bradley 2018 , Janhunen 1996 , LaPolla 2001 , Sagart 2011c , Thurgood 2008 . Being indigenous to north China, early Sinitic speakers did not have to migrate from a far-away location in the (south-)west, and no substratum language is assumed under Sinitic. Early Sinitic speakers are the only stay-at-home branch of the ST family. Like the rest of ST, their demographic expansion ultimately results from their possession around 7000 BP of the domesticated millets Panicum miliaceum and Setaria italica, pigs, and sheep, as well as morphologically wild, but managed taurine cattle. The non-Sinitic part of ST, generally viewed as monophyletic by these authors, did expand west and south, their progress perceptible in the archaeology through the progression of millet farming out of Majiayao culture (Guedes 2011) . That the spread of millet is explained not culturally, but by a demic expansion, follows from the gradual north-to-south decrease in Y-chromosome O3-haplogroup diversity between present-day non-Sinitic ST speakers in northern Sichuan and ST speakers in the eastern Himalayas (Kang et al. 2011) . Cline-like decrease in genetic diversity is ascribable to genetic drift caused by repeated founder effects in the course of a migration.
The eastern homeland hypothesis makes sense of the consilience between the domesticates foxtail millet, pigs and sheep, archaeologically attested at our tree's root date, and the cognate sets for the same species, described below. Although the western homeland hypothesis at first sight agrees better with the modern distribution of linguistic diversity in the family, we argue that diversity in the eastern Himalayan region is not original; not any more than the high linguistic diversity in the Austronesian languages of Melanesia and Eastern New Guinea, which led Dyen (1963: 83) to mistakenly place the Austronesian homeland there. High Austronesian linguistic diversity in that region most likely results from intimate contact between highly diverse preexisting Papuan languages and the incoming Austronesians. Similarly, high linguistic diversity among the ST languages of the eastern Himalayas is the fruit of intimate contact between expanding ST speakers and highly diverse languages of non-ST hunter-gatherers to whom the region had served as a linguistic refuge. Conversely, the low degree of diversity of ST languages in modern eastern China is recent: classical Chinese texts indicate a much higher degree of diversity in early historical times (Pulleyblank 1983) ; the present situation is the result of leveling caused by Chinese expansion and subsequent language shifts to Chinese. As to the appearance of a close phylogenetic relationship between Chinese and Tibetan, it is an illusion due to their being old literary languages, with a much more thorough documentation than all other ST languages; in addition they are the oldest documented ST languages: even though they belong to distinct primary branches of the family, the patristic distance between them on the ST tree is shorter than that between any other pair of ST languages. While Tibetan and Chinese do share more lexical material, that material consists entirely of shared retentions: it does not argue for a close genetic relationship.
Blench and Post (2014) cite the case of ST-speaking groups in the Eastern Himalayas who do not grow cereals but rely on sago and livestock. They take this as evidence that the ancestral ST speakers were not farmers. However, instances of East Asian farmer groups reverting to a non-agricultural life-style are documented (Oota et al. 2005 , Pierron et al. 2014 , Reid 1992 : the principle "once a farmer, always a farmer" is not a reliable one.
Lexical sets
The following table lists etymologically relatable words for early terms of agriculture and domestication which are reflected in some major ST branches, although the rice plant and the horse clearly were not part of PST. We have left out the name of the dog, a paleolithic domesticate widespread in the old world at the time of millet domestication; the names of barley and wheat, which reached the Yellow River, Gansu and Tibet separately from the Eurasian steppes along parallel north-south routes between 4600 and 3600 BP (Long et al. 2018) ; and etyma for beans, tubers and the like, which may refer to plants collected in the wild by PST speakers. PST food production also relied on fishing, with a PST etymon for the fish-net (Sagart 2011c) ; and probably hunting too. We do not know a solid cognate set for Panicum miliaceum, one of the two millets we assume PST speakers grew. We believe this is due to the name of this cereal being under-recorded by fieldworkers.
Term
Old Chinese Jingpo ŋa Japhug nɯŋa
In the above table, the language Hlokpu of Nepal is tentatively placed together with Kiranti based on observations by Gerber, Gerber and Grollmann. OC forms are cited in the Baxter-Sagart system (Baxter and Sagart 2014b); Japhug forms are drawn from Jacques (2015 Jacques ( -2016 . The cognate set for "rice plant" was assembled in Sagart (2018a) where references can be found. The set for pig I is new. Many forms in the table, such as (Classical) Tibetan ʑiŋ.ka "field", Lushai vok "pig", Bengni rjɯk "pig" are cited from standard dictionaries, or from monographs like Sun (1993) ; yet others others are drawn from the STEDT web site (Matisoff 2015) , in particular from the inclusive STEDT sets #2406 PTB *b-liŋ FOREST / FIELD, #1006 PTB *pʷak PIG, #6028 PTB *g-ya(k/ŋ) SHEEP / YAK, #1431 PTB *s/m-raŋ HORSE, and #2538 PTB *ŋwa CATTLE. By citing forms included in STEDT we are not necessarily expressing support for the validity of the relevant STEDT sets in their entirety, or for the reconstructions which accompany them.
To summarize, a late Cishan-early Yangshao homeland combined with the Chinese outgroup scenario largely agrees with the facts: cognate sets are attested in and outside of Sinitic when the corresponding domesticate is archeologically attested in the late Cishan-early Yangshao area; while those cognate sets found only outside of Sinitic are not attested archaeologically in the late Cishan-early Yangshao area. The main discrepancy concerns the term for cattle, found both inside and outside of Sinitic, even though domesticated cattle is not attested in late Cishan-early Yangshao. An explanation for this apparent anomaly is proposed in section 5.10.
Archaeological dates
Currently the earliest East Asian archaeological attestations for the domesticates in the table above are as follows:
• foxtail millet (Setaria italica): Cishan and Yangshao culture, 8500-5000 BP (Stevens and Fuller 2017) ;
• broomcorn millet (Panicum miliaceum): Cishan culture, 10,300-8700 BP (Lu et al. 2009 );
• rice: Baligang, Henan province, 8700-8300 BP (Deng et al. 2015 );
• sheep: Shihushan, Inner Mongolia, 6700-6400 BP (Dodson et al. 2014 );
• horses: Qijia culture, 4200-3600 BP (Flad et al. 2007 );
• pigs: Nanzhuangtou, Hebei province 10,500 BP (Xiang et al. 2017 );
• cattle: Shizhao Village site, Tianshui city, Gansu Province, 5400-4700 BP (Cai et al. 2014) .
We provide below some etymological and comparative notes on these etyma.
Foxtail millet (Setaria italica)
The term "millet" designates botanically disparate grain-bearing plants, belonging to several distinct genera within the family Poaceae, having in common to produce very small grains. Among the world's oldest cereals are two millets, both domesticated in northern China: Panicum miliaceum and Setaria italica. These are visually and botanically very different plants: no confusion between them is possible. Each has synonyms which it is important to recognize. Common synonyms for Panicum miliaceum are "broomcorn millet", "proso millet", "common millet", "panicled millet". The main synonym of Setaria italica is "foxtail millet", so called because its ear is shaped like the tail of a fox.
Much confusion exists in the literature on ST millet names. This is due in part to the fact that fieldworkers, comparative linguists and compilers of dictionaries or language atlases often take "millet" to be a meaningful taxonomic notion, and assume that the differences between different kinds are of little consequence. In fact, to those who cultivate them, foxtail and broomcorn millet are as different as are dogs and pigs. In effect, words glossed simply as "millet" are useless for comparative purposes. An example of a botanically (and linguistically) naive reconstruction of a millet term is the (thankfully provisional) STEDT etymon #5860 PLB *C-lu-k MILLET which draws together Lolo-Burmese forms like Written Burmese lu³ "Panicum miliaceum" and the Chinese word 秫 *m.lut "glutinous foxtail millet". The STEDT author added a *-k suffix of no particular function, apparently to explain the final consonant in Chinese: but Old Chinese *-t cannot be derived from an earlier *-k. In fact "glutinous", not "millet", is the semantically relevant part of the Chinese word: 秫 *m.lut is cognate with Written Tibetan lud "phlegm, mucus", being a ST term meaning "sticky, mucilaginous".
The cognate set for Setaria italica in 5.1 was first assembled in its outline in Sagart (2005) . Sagart et al. (2017) added the Dulong form (widespread in Nungic: Rawang saʔ, Nung ʨʰɛ 31 ). In that paper the Chinese names of the millets are discussed, and the clear evidence for 稷 *[ts]ək being the OC name of Setaria italica is for the first time laid out: despite claims in the literature from the 10th century CE until today that Old Chinese 稷 *[ts]ək referred to Panicum miliaceum, Sagart et al. (ibid.) Dulong ʨɑʔ and Hlokpu cək, both identified as foxtail millet by the relevant fieldworkers, are almost certainly cognates of 稷 *[ts]ək. All three items fit known sound correspondences and refer to precisely the same plant, genus and species. This is in all likelihood the PST word for Setaria italica. Bradley (2011) argues that Old Burmese tɕhap "Setaria italica" is a cognate of OC 稷 *[ts]ək. However, as he notes, the correspondence between final -p in Old Burmese tɕhap and *-k in Chinese and Lhokpu, and with -ʔ in Dulong, is unexplained. Elsewhere he (Bradley 2017) supposes that PST final *-p changed to *-k in the Old Chinese word 稷 *[ts]ək-this shift is attested in a few forms of what appears to be a western subdialect of OC; however Lhokpu also has -k in its word for Setaria italica, and Dulong -ʔ reflects *-k, not *-p, which invalidates this idea. If the Burmic and Chinese words really are cognate, one must suppose an irregular change of PST *-k to *-p inside Burmic, for instance due to place assimilation on a lost suffix with labial initial. Bradley (ibid.) compares the Chinese word 稻 *[l]ˤuʔ "rice plant" with Written Burmese lu³ Panicum miliaceum (Bernot et al. 1998) , claiming that this is the PST etymon for Panicum miliaceum. This is doubtful: first, ethnobotanists Watanabe et al. (2007) recorded luu as the word for finger millet (Eleusine coracana) in upper Burma, so this term's meaning in Burmese is not entirely clear; second, there is no evidence at all that the Chinese term ever referred to a millet. It is not even clear that 稻 *[l]ˤuʔ was originally the name of a plant; the oldest tokens of this character had the semantic determinative 米 "dehusked grain" instead of 禾 "cereal plant" in the modern character, so 稻 may have been a word for grain in storage in early Old Chinese. Moreover, although this comparison is phonologically regular, it is limited to a consonant and a vowel. If the resemblance is not accidental, the PST word was more likely a generic term for grain at a certain stage of processing than the name of any specific domesticated plant.
Broomcorn millet (Panicum miliaceum)
Owing to the dearth of unambiguously recorded names of Panicum miliaceum, we are still not able to identify a PST etymon for this plant.
Rice
Based on the comparison between Old Chinese 米 *C.mˤ[e]jʔ "millet or rice grains, dehusked and polished" and Proto-Bodo-Garo (Joseph and Burling 2006 ) *mai 1 "rice, paddy, cooked rice", Sagart (2011b: 124) argued that the speakers of PST were acquainted with rice. We now recognize that this is problematic, as the Chinese word is a general term for dehusked grains, not specifically rice. Neither, for the same reason, does the comparison between Old Burmese kok "rice" and OC 穀 *[k]ˤok "grain (in the husk)" (Bradley 2011 ) support the view that PST speakers knew rice. Cognates of the Burmese form outside of Chinese (STEDT #586) indicate that "husk" or "grain in the husk" was part of the etymon's PST meaning. There is therefore no linguistic evidence that the ancestral Sino-Tibetans knew rice. This is is parallel to the absence of rice archaeologically in the Cishan and early Yangshao cultures. The non-Sinitic (Bengni, Sak and Dulong) forms in 5.1 constitute a phonologically regular set of words specifically designating the rice plant, with other forms in rice-related meanings elsewhere in non-Sinitic ST (Sagart 2018b) . This is clearly a specialized form of the unproblematic STEDT set #487 PTB *ʔam EAT / DRINK, reflected as "eat" in Kiranti, Karenic and Dulong and as "drink" in Dhimal, an unclassified ST language of Nepal. The probable Chinese cognate: 飲 *q(r) [u] mʔ "to drink" shows the same semantics as Dhimal: together these forms suggest a PST verb "to eat liquid foods, such as gruel". We may thus be dealing with an innovation inside the non-Sinitic part of ST: this would reflect the establishment of rice consumption in the form of gruel. It does not signal the beginning of Sino-Tibetan acquaintance with rice, even less a de novo domestication. Driem (2017: 204-207 ) presents a scenario in which rice was domesticated three times "in the region between the Brahmaputra river basin and the Yangtze river basin": Aus and Indica rices by the ancient Austroasiatics and Hmong-Miens, and Japonica by a group he calls "para-Austroasiatic" who "disseminated rice agriculture to the lower Yangtze". He accounts for the fact that all domesticated rice types by and large share the same set of domestication genes by supposing mutual transfer of useful genes between already domesticated rice varieties. He further claims (ibid.: 206) that the Hmong-Miens adopted rice agriculture from the Austroasiatics. There are several problems with this scenario. First, archaeologically, the region between the Brahmaputra and the Yangtze lies at the recent end of a clear cline of dates for neolithic transitions in East and south Asia (Cobo et al. 2019) : the earliest archaeobotanical evidence for rice domestication in progress, at 8700-8300 BP is in Baligang, Henan, i.e., north, not south, of the Yangtze valley, in fact halfway between the Yangtze and Yellow river valleys (Deng et al. 2015) . That rice was under domestication there in spite of its small grain size follows from the observation that 80 percent of spikelet bases were of the non-shattering type. Elimination of shattering is an important target of rice domestication. The second oldest domestication sequence, also observed through the spikelet base paradigm, took place in the period 6900-6600 BP (Fuller et al. 2009 ) in the lower Yangtze, very far from the Brahmaputra. There is no evidence at all of domestication in progress in van Driem's zone at comparable dates. Second, rice geneticists usually regard Japonica as the first domesticated rice variety and the main donor of domestication genes to Indica and Aus, although Aus rice also received some domestication genes from Indica (Choi et al. 2017) . Third, linguistically, if the Hmong-Miens truly acquired rice cultivation from the Austroasiatics, the two groups should share at least some vocabulary of rice cultivation: but van Driem cites no such vocabulary. In fact Sagart (2011b) showed that the Austroasiatic vocabulary of rice is entirely independent from all other East Asian rice vocabularies, including Hmong-Mien. Fourth, agronomically, by van Driem's theory, the types of rice adopted by the Hmong-Miens from the Austroasiatics should be Aus and Indica: but evidence that this is the case is missing. It is generally assumed that traditional Aus and Indica landraces are not cultivated outside of south Asia and of the lowland regions of mainland and insular southeast Asia.
Pig
We provide two sets for "pig" in 5.1. Pig I includes 豕 *l̥ ajʔ, the main OC word for "pig, swine", and Bengni rjɯk, from Proto-Tani *rjek "pig" (Sun 1993: 199) . The Baxter-Sagart reconstruction OC *l̥ ajʔ should properly have been formulated as *l̥ [aj]ʔ, to allow for the alternative reconstruction *l̥ eʔ, also admissible under the Chinese-internal evidence at hand. Proto-Sino-Tibetan *-q regularly gives Proto-Tani *-k and OC *-ʔ (Sagart 2017); and Proto-Tani merges *lj-and *rj-as *rj- (Sun 1993: 292) , resulting in a sound correspondence between proto-Tani *rj-and OC laterals: e.g., "pig", "bow (weapon)", "fathom (n.)", "to lick", Proto-Tani (ibid.) *rjek, *rji, *rjam, *rjak, Old Chinese (Baxter and Sagart 2014a) 豕 *l̥ ajʔ , 矢 *l̥ i[j]ʔ ("arrow"), 尋 *sə-l[ə]m ("measure of eight feet"), 舐 *Cə.leʔ. Proto-Tani *e is relatively rare, so that examples supporting the correspondence of Proto-Tani *e to OC *e cannot be numerous, but one can cite Proto-Tani *ken "to know" : Old Chinese 見 *[k]ˤen-s "to see" and Proto-Tani *jem "satiated/tired of" : Old Chinese 猒 *ʔem "satiate, satisfy". The Tani word for "pig" is treated by Sun as a loan from Proto-Mon-Khmer, e.g. Old Mon clik "pig", but the existence of a Chinese cognate shows that Mon-Khmer is on the receiving side.
The pig II set in 5.1 is reflected as "pig" only in the non-Sinitic languages. Several authors, e.g. Schuessler (2007: 32) consider Chinese 豝 *pˤra "sow" to be cognate with the non-Sinitic forms. However, just as likely, 豝 *pˤra "sow" can be compared to Written Tibetan ba "cow" as the name of a large female mammal. Similarly we speak of whale "cows". Sagart (2011) argued that 富 *pək-s "rich; wealth" is cognate with the non-Sinitic words for "pig" in the pig II set. This comparison fits all known sound correspondences. Etymological contacts between words meaning "cattle" and "wealth" are cross-linguistically not rare (e.g. Latin pecunia "wealth" from pecu "cattle"; Arabic maːl "cattle, wealth"). It is undecidable a priori whether the relevant etymon meant "pig" or "wealth" in the ancestral language: however, considering that the pig I and pig II etyma coexist in Chinese, the semantic difference between them in Chinese probably reflects the PST semantics: the pig I etymon was then the animal's name, while the pig II etymon meant "wealth in pigs, pigs in one's possession". The pig II set then displaced pig I in some ST branches.
Field
The main part of the cognate set for "field" in 5.1 is drawn from the reliable set STEDT #2406, with members in Chinese, Sal, Tibeto-Dulong and Lepcha. The semantics oscillate between "forest" and "field", pointing to an earlier meaning of "forest swidden", appropriate for millet cultivation in East Asia. Driem (2011) claims this is a loan from Hmong-Mien to his "Sino-Bodic". We show in this paper that, with zero posterior probability, "Sino-Bodic" (Chinese + Tibetan + Kiranti) is not a plausible clade. Consequently, if van Driem is right about the ST forms being loanwords, a minimum of four distinct borrowing events out of Hmong-Mien are needed: to Sinitic, Tibeto-Dulong, Sal and Lepcha. Only Sinitic is in contact with Hmong-Mien. Second, Sinitic does not distinguish between different kinds of fields, the only word being 田 OC *lˤiŋ. Economically the main cereals in early China were the two millets: rice was marginal. Rice is possibly mentioned once in the Shang inscriptions (oracle bone inscription 13505 in the Jiaguwen Heji collection (yanjiusuo 1978) , where the noun 秜 *nrəj > nrij > lí "perennial rice" is interpreted by Liu (2005: 441) as a verb meaning "to plow paddies". Verbal use of a cereal name as a verb meaning "to plant, cultivate X" has parallels with 黍 *s-tʰaʔ > syoX > shǔ "Panicum miliaceum"). The near-absence of terms for "rice" in Shang oracle bones contrasts with the many occurrences of words for the millets. It is not likely that early Sinitic speakers would have replaced their inherited word for "(millet) field" with a word designating the rice field in a neighboring language. Van Driem's proposal is part of a larger claim that the Chinese vocabulary of rice consists of borrowings from Hmong-Mien. These claims, and the similar claims of Haudricourt and Strecker (1991) , were discussed and rejected in Sagart (1995) and Sagart (2011b) .
Sheep
In addition to the forms cited in 5.1, the cognate set for "sheep" includes Written Tibetan g.yang (in g.yang dkar "sheep"; dkar means "white") and Dulong ɑ 31 ɟɑŋ 53 "sheep". Bradley (2016) takes the Chinese word 羊 *ɢaŋ to mean "goat" rather than "sheep", but text occurrences as "goat" are usually accompanied by a modifier such as 山 *s-ŋrar "mountain". This set appears to be phonologically regular, although the overall regularity of correspondences between Old Chinese initial *ɢ and the presyllabic formatives Japhug qa-, Taraon kɯ 31 , Dulong ɑ 33 and Tibetan g. needs confirmation. With this important caveat, the etymon could be part of the Sino-Tibetan proto-language given the early date of its first appearance in the archaeological record (5.2) "in a domestic setting where millet was grown" (Dodson et al. 2014) . Bradley (2016) claims that "the goat was a local wild animal before its domestication, but the sheep (Ovis aries) was introduced from the Middle East fairly early, probably about the same time as the domestication of the goat". This statement implies that goats were domesticated locally. We do not know what the basis for this is. There is general agreement in the literature that both species were domesticated in the Middle East/western central Asia and later introduced to north China. Current evidence argues that sheep were present in northern Shaanxi, at the northern edge of the Yangshao area, in the period 4700-4300 BCE (Dodson et al. 2014 ). These dates are reliable, based as they are on three direct radiocarbon dates from a single location. The authors write: "Since the bones were found in association with other domestic species and in an archaeological setting of the Yangshao Culture it is a reasonable conclusion that the sheep were domesticated." In addition their analysis of bone collagen shows that these animals consumed some millet, suggestive of a domestic setting. We find this argument reasonable.
The first STs must have been familiar with the takin (Budorcas taxicolor), a wild member of the Caprinae subfamily, present in the Cishan-Yangshao area: however this animal's name has been sparsely recorded. We know of no evidence indicating that this animal's name in PST was the etymon we give in S5.1. One of course cannot specifically exclude that our etymon originally referred to a locally known wild animal before expanding its meaning to include domesticated sheep or goats, as Bradley (2016) states, but this conjecture is not necessary, given the new archaeological dates for Chinese sheep.
Horse
While the three items in 5.1 exhibit phonologically regular correspondences, suggestive of a prototype prereconstructible as *m-raŋ, other clearly related forms, such as Jingpo kum 31 ʒa 31 and OC 馬 *mˤraʔ lack the nasal ending; this irregularity is the sign of secondary spread of domesticated horses within the family, perhaps out of a ST language where the rhyme in [mraŋ] had changed to [ã] . Yet other ST forms, like Chepang sĕraŋ, Bunan ʂaŋs and Lai Hakha ràŋ point to *s-raŋ and *raŋ prototypes: this suggests we are in the presence of indigenous forms derived out of a verb root √raŋ by means of prefixes *m-and *s-. These elements conclusively indicate the absence in the ancestral ST language of a word for "horse", in full agreement with the late date of archaeological appearance of domesticated horses in East Asia (5.2).
Cattle
The cognate set for "cattle" in 5.1 presents an interesting riddle: it has all the appearances of phonological regularity, implying knowledge of cattle by PST speakers, as proposed by Bradley (2016) ; yet currently the first archaeological occurrence of domesticated cattle in East Asia is in far western Yangshao or Majiayao area at 5400-4700 BP, too late for PST by our dates. Supposing that non-Sinitic speakers first encountered domesticated cattle in that north-westerly region, and that their term for it was later transmitted to Sinitic through contact will not work either, because the Chinese loanword should then have the vowel *a, not *ə (while the correspondence between non-Sinitic *a and Old Chinese *ə is regular in cognate words). Zooarchaeology provides a solution: there is evidence that morphologically wild cattle was managed by humans in early Holocene northern China (Zhang et al. 2013) . Presumably the cognate set in 5.1 is the PST term for early East Asian managed cattle; it was later applied by westward-expanding Sino-Tibetan groups to west Eurasian domesticated cattle that they encountered as they reached the western end of the loess plateau.
